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Evaluating preventable adverse safety events after
elective lower extremity procedures
Todd R. Vogel, MD, MPH, Viktor Y. Dombrovskiy, MD, PhD, MPH, Paul B. Haser, MD, and
Alan M. Graham, MD, New Brunswick, NJ
Background. Improving patient safety has become a national priority. Patient safety indicators (PSIs) are validated tools
to identify potentially preventable adverse events. No studies currently exist for evaluating lower extremity (LE) vascular
procedures and the occurrence of PSIs.
Methods: The Nationwide Inpatient Sample (2003-2007) was queried for elective LE angioplasty (endo) and bypass
(open). PSIs appropriate to surgery were analyzed by 2 and logistic regression analyses.
Results: A total of 226,501 LE interventions (104,491 endo; 122,010 open) were evaluated. The rate of developing any
PSI was 7.74% (open) and 8.51% (endo), P< .0001. In the latter group, PSI9 (postoperative hemorrhage or hematoma)
with the rate 4.74% was a predominant indicator that was associated with an almost three times greater likelihood of
death in this group. PSI predictors included advanced age (odds ratio [OR], 1.64; 95% confidence interval [CI],
1.55-1.75 for oldest vs youngest patients), females (OR, 1.18; 95% CI, 1.13-1.22), blacks (OR, 1.10; 95% CI,
1.04-1.17), congestive heart failure (OR, 1.83; 95% CI, 1.72-1.96), diabetes mellitus (OR, 1.20; 95% CI, 1.12-1.28),
renal failure (OR, 2.31; 95% CI, 2.14-2.50), hospital teaching status (OR, 1.21; 95% CI, 1.17-1.26), and larger hospitals
(OR, 1.11; 95% CI, 1.05-1.17). PSI occurrence was associated with increased cost ($28,387 vs $13,278; P < .0001).
Conclusions: Endovascular procedures were found to have lower mortality rates overall, but were found to have a greater
number of safety events occur primarily due to bleeding complications in women and the elderly. PSIs were associated
with advanced age, black race, and comorbidities. Adverse events added significant cost, occurred more frequently in
teaching and large hospitals, and future organizational analysis may improve safety and reduce cost. ( J Vasc Surg 2011;
54:706-13.)
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gReducing medical errors and improving patient safety
have become a national priority. Since the Institute of
Medicine (IOM) reports on medical errors and quality,
national attention has focused on improving patient safety
through changes in “systems” of care. These reports re-
sulted in a new paradigm that, rather than centering on
individual errors, focuses on the “systems” necessary to
facilitate and enhance quality and protect patients.1 As
payers move toward performance-based reimbursement,
identification of hospitals has also acquired new significance
and studies focusing on surgical procedures and patient
safety may offer future targets for preventative interven-
tion.2,3
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706Administrative data are readily available, inexpensive,
omputer readable, and cover large populations. These data
ave been suggested to allow for the screening for potential
atient safety problems, offer valuable insights into adverse
mpacts, and provide benchmarks for tracking progress in
atient safety efforts at local, state, or national levels.4 The
gency for Healthcare Research and Quality (AHRQ) has
eveloped patient safety indicators (PSIs) to allow for the
nalysis of administrative data on potentially preventable
dverse events. These indicators can evaluate performance
nd safety and may allow for the targeting of specific areas
f poor performance for improvement.5 The purpose of
his analysis was to evaluate the occurrence of safety events
fter open and endovascular procedures of the lower ex-
remity.
ETHODS
Study design. The study design was a secondary anal-
sis of existing nationwide hospital administrative data.
Data source. Data for analysis were collected from the
003-2007 Nationwide Inpatient Sample (NIS) developed
s part of the AHRQ Healthcare Cost and Utilization
roject (HCUP) through a federal, state, and industry
artnership. This is the largest in the United States all-payer
ublicly available database that contains all hospital dis-
harge abstracts from the national 20% weighted probabil-
ty sample of nonfederal short-term hospitals, including
cademic medical centers. Detailed information about
CUP and NIS is available at http://www.hcup-us.ahrq.
ov. The most current NIS data include approximately 8
illion hospitals admissions annually and, utilizing the
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Volume 54, Number 3 Vogel et al 707weighting function methodology provided by HCUP, al-
lows for the computation of national estimates with vari-
ances for specific variables. All data were analyzed and
results were reported utilizing the weighting methodology
included with the NIS.6,7 Within the data, there are 29
variables, AHRQ comorbidity measures, which provide
evaluation of comorbid diseases in observed patients and
using them for risk-adjusted outcome measurements (Ap-
pendix A, online only).
In addition to databases, HCUP provides the various
tools and software that supplement the data elements and
considerably extend the capabilities of the analysis. NIS
contains data on hospital charges that represents the total
amount that the hospital billed for all services during a
hospitalization episode. Using cost-to-charge ratio supple-
mental files, one can calculate actual costs of these services.
PSIs. AHRQ PSIs were developed after a comprehen-
sive literature review, analysis of ICD-9-CM codes, review
by a clinician panel, implementation of risk adjustment, and
empiric analyses.8 PSIs focus on potentially preventable
instances of complications and other iatrogenic events re-
sulting during hospitalization. PSIs are validated tools to
identify potential adverse events and are screening tools for
highlighting areas in which quality can be further investi-
gated, for case finding, and for tracking and monitoring
patient safety events.
We employed PSI software, version 3.1 that was devel-
oped by the AHRQ to identify potentially avoidable com-
plications and iatrogenic events when using hospital inpa-
tient administrative data. Twenty provider-level indicators
represent potentially preventable complications that may
develop as a result of health care within the same hospital-
ization (Appendix B, online only). The following provider-
level indicators were utilized which were appropriate for
lower extremity (LE) procedures: complications of anes-
thesia (PSI 1), foreign body accidentally left in during
procedure (PSI 5), iatrogenic pneumothorax (PSI 6), se-
lected infections due to medical care (PSI 7), postoperative
hemorrhage or hematoma (PSI 9), postoperative physio-
logic and metabolic derangements (PSI 10), postoperative
respiratory failure (PSI 11), postoperative pulmonary em-
bolism or deep vein thrombosis (PSI 12), postoperative
sepsis (PSI 13), and accidental puncture and laceration (PSI
15). Detailed information about PSIs is available at http://
www.qualityindicators.ahrq.gov/psi overview.htm.
In addition to PSIs, we also evaluated some postoper-
ative complications that are not listed among PSIs but may
contribute to the poor outcomes such as postoperative
cardiac complications and myocardial infarction (ICD-
9-CM diagnosis codes 997.1, 410. xx, and 427.5), postop-
erative respiratory complications and pneumonia (997.3x,
507.0, 512.1, 518.4, 518.81, 518.82, and 480.x-486),
and postoperative renal complications and acute renal fail-
ure (997.5, 597.81, and 584.x).
Study population. All patients aged 18-years-old and
above who were electively hospitalized and underwent
surgical procedures for lower extremity revascularization
were included in this analysis. Only elective procedures gere selected minimizing the possibility of emergencies or
rauma patients being in the cohort. To select these pa-
ients, we used the ICD-9-CM (International Classification
f Diseases, Ninth Revision, Clinical Modification) proce-
ure codes 38.18, 38.38, 38.48, and 39.29 for open sur-
ery and 39.50 for endovascular procedure. Because the
ast procedure code is nonspecific and covers percutaneous
ransluminal angioplasty (PTA) not only for lower extrem-
ty vessels but also for some other noncoronary vessels, we
xcluded patients who had diagnoses of vascular insuffi-
iency of intestine (ICD-9-CM diagnosis codes 557.0,
57.1, and 557.9), hypertensive chronic kidney disease
403.00, 403.01, 403.10, 403.11, 403.90, and 403.91),
enovascular hypertension (405.01, 405.11, and 405.91),
cclusion and stenosis of carotid artery (433.10 and
33.11), and aneurysm of lower extremity artery (442.3) in
ny diagnosis position. We also restricted the study cohort
o those patients who had diagnosis of atherosclerosis of the
xtremities with intermittent claudication (ICD-9-CM di-
gnosis code 440.21), rest pain (440.22), ulceration
440.23) or gangrene (440.24) in any diagnosis position.
Statistics. SAS 9.2 software (SAS Institute, Cary, NC)
as used for analysis of the database and statistics. To test
he difference between two groups we used 2 analysis with
alculating odds ratio (OR) and 95% confidence interval
95% CI) for categorical variables and Student t test for
ontinuous variables. Because hospital LOS (length of stay)
nd cost are not normally distributed and skewed to the
ight, to compare their values between two surgical groups
e used nonparametric Wilcoxon rank-sum test. Logistic
egression analysis with forward stepwise selection was uti-
ized for multivariable analysis of risk factors for PSIs. To
erform risk adjustment in multivariable analysis, we used
atient’s sociodemographic characteristics (age, gender,
nd race), some hospital characteristics (hospital bed size
nd teaching status), type of surgical procedure, indication
or procedure, and the following AHRQ comorbidity mea-
ures: congestive heart failure, hypertension, chronic pul-
onary disease, pulmonary circulation disorders, valvular
isease, coagulopathy, diabetes with and without chronic
omplications, renal failure, obesity, and alcohol abuse.
ost estimates in 2003-2006 were adjusted by inflation to
he cost estimates in 2007. A value of P  .05 was consid-
red statistically significant. The study was approved by the
nstitutional Review Board of the UMDNJ – Robert Wood
ohnson Medical School.
ESULTS
A total of 226,501 patients met our inclusion criteria
nd were evaluated: 104,491 (46.1%) endovascular proce-
ures (PTA) and 122,010 (53.9%) LE bypass procedures
open). Sociodemographic characteristics of the study pop-
lation are presented in Table I. More than three-fourths of
ll patients were persons aged 60-years-old and above.
atients aged 18 to 39 composed 0.38% of the study cohort
nd patients aged 40 to 49 accounted for 4.38% of the
ohort. The mean age of patients who underwent PTA was
reater compared with those with open (P  .0001). In
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September 2011708 Vogel et alboth surgical groups (PTA and open), males predominated
over females (P  .0002) and whites were the majority in
the study population. Patients with claudication were more
likely to have the endovascular procedure, whereas the
greater part of patients with critical limb ischemia under-
went open surgery (P  .0002).
Overall, 18,331 (8.1%) patients had any PSI after PTA
or open surgery. The rate of developing any PSI was 8.51%
(endo) and 7.74% (open); P  .0001. The lowest rates of
the PSIs were found in patients with claudication (6.41%);
PSIs were greater in patients with rest pain (8.42%; P 
.0002), and PSIs occurred with the greatest rate in patients
with ulceration or gangrene (11.45%; P  .0002). Fre-
quency of PSIs steadily increased with aging: from 6.75% in
the youngest group (18-49 years) to 10.76% (P .0001) in
the oldest patients (80-years-old and above). Rate of any
PSI in females was significantly greater compared with
Table I. Characteristics of study population
Characteristics
Lower
Total
Agea
Mean  SD 68.8  11.10
18-49 10,789 (4.8%)
50-59 37,905 (16.7%)
60-69 65,563 (28.9%)
70-79 71,552 (31.6%)
80 40,692 (18.0%)
Gendera
Male 130,766 (57.7%)
Female 95,697 (42.3%)
Missing 38
Race/ethnicitya
White 131,277 (81.1%)
Black 17,864 (11.0%)
Hispanic 8092 (5.0%)
Other 4655 (2.9%)
Missing 64,613
Indicationsa
Claudication 129,256 (57.1%)
Rest pain 36,075 (15.9%)
Ulceration/gangrene 61,170 (27.0%)
Any PSI
Overall 18,331 (8.1%)
By indications
Claudication 8290 (6.4%)
Rest pain 3038 (8.4%)
Ulceration/gangrene 7003 (11.5%)
Complications
Cardiac 2.30%
Respiratory 2.74%
Renal 2.07%
Mortality
Overall 1469 (0.65%)
Missing 244
By PSI development
With any PSI 856 (4.68%)
Without any PSI 613 (0.29%)
Total 226,501
LE, Lower extremity; PSI, patient safety indicators; PTA, percutaneous tran
aPercentages represent frequency distribution within each characteristic withmales (10.09% and 7.20%, respectively; P  .0002); blacks aad any PSI more frequently than whites (9.22% vs 8.42%;
 .02). We found an association between PSI rates and
ome hospital characteristics. Patients were less likely to
evelop PSI in rural hospitals than in urban hospitals (OR,
.90; 95% CI, .86-.96), in nonteaching hospitals compared
ith teaching hospitals (OR, 0.87; 95% CI, .84-.89). Rates
f PSIs steadily increased with increasing hospital bed size:
rom 7.60% in small hospitals to 7.76% in medium hospitals
nd to 8.68% in large centers (P  .0001 for trend).
We compared the frequency of any PSI in both groups.
atients with PTA were more likely to develop any PSI than
atients with open surgery (OR, 1.11; 95% CI, 1.08-1.14).
ikelihood of having any PSI after both PTA and open
urgery significantly increased (P  .0001) with the pa-
ient’s age (Fig 1); however, frequency of PSI after PTA
emained greater than after open surgery almost in all age
roups. Females were more likely than males to develop PSI
ity intervention
Popen/endovascularn surgery Endovascular
 11.14 69.6  11.00 .0001
94 (5.3%) 4395 (4.2%) .0002
14 (18.2%) 15,691 (15.0%) .0002
82 (29.4%) 29,681 (28.4%) .0002
74 (30.7%) 34,078 (32.6%) .0002
46 (16.4%) 20,646 (19.8%) .0002
66 (60.4%) 57,100 (54.6%) .0002
14 (39.6%) 47,383 (45.4%) .0002
30 11
31 (81.7%) 61,046 (80.4%) .0002
46 (11.8%) 7718 (10.2%) .0002
38 (4.1%) 4554 (6.0%) .0002
91 (2.4%) 2564 (3.4%) .0002
,004 28,609
29 (47.4%) 71,427 (68.4%) .0002
58 (20.6%) 10,917 (10.4%) .0002
23 (32.0%) 22,147 (21.2%) .0002
41 (7.7%) 8890 (8.5%) .0002
95 (5.5%) 5094 (7.1%) .0002
83 (7.9%) 1055 (9.7%) .0002
63 (10.9%) 2741 (12.4%) .0002
3.14% 1.33% .0001
3.96% 1.33% .0001
2.54% 1.53% .0001
63 (0.79%) 506 (0.48%) .0002
39 12
65 (5.99%) 291 (3.28%) .0002
98 (0.35%) 215 (0.23%) .0002
,010 104,491
nal angioplasty.
tified parameters (without missing values).extrem
Ope
68.1
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20,0
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Volume 54, Number 3 Vogel et al 709ence after open surgery was not statistically significant (OR,
1.04; 95% CI, .99-1.08). The same results were found
when we compared rates of any PSI between blacks and
whites. Blacks were significantly more likely to have PSI
after PTA (OR, 1.10; 95% CI, 1.02-1.20) but not after
open surgery (OR, 1.06; 95% CI, .98-1.14).
To evaluate risk factors of developing PSI in multivari-
able analysis, we utilized logistic regression analysis with
any PSI as outcome and patient’s sociodemographic char-
acteristics (age, gender, and race), comorbidities, surgical
procedures (PTA or open surgery), and some hospital
characteristics (location, teaching status, bed size) as pre-
dictors of this outcome. The results obtained confirmed the
findings of the univariate analysis and are presented in Fig
2. As before, age remained a significant risk factor for PSI,
and older age was associated with a greater likelihood of
developing PSI (from OR, 1.20; 95% CI, 1.14-1.27 to
OR, 1.64; 95% CI, 1.55-1.75). Female gender (OR, 1.18;
95% CI, 1.13-1.22) and black race (OR, 1.10; 95% CI,
1.04-1.17) also remained as significant prognostic factors.
Multivariable analysis confirmed a greater likelihood of any
PSI after LE PTA compared with open surgery (OR, 1.09;
95% CI, 1.05-1.13), in teaching vs nonteaching hospitals
(OR, 1.21; 95% CI, 1.17-1.26), and in large hospitals
compared with smaller ones (OR, 1.11; 95% CI, 1.05-
1.17). Comorbidities, including congestive heart failure
(OR, 1.83; 95% CI, 1.72-1.96), coagulopathy (OR, 3.94;
95% CI, 3.57-4.36), diabetes with complications (OR,
1.20; 95% CI, 1.12-1.28), renal failure (OR, 2.31; 95% CI,
2.14-2.50), and alcohol abuse (OR, 1.69; 95% CI, 1.49-
1.91) were significantly associated with the development of
postoperative complications.
We evaluated and compared frequency of specific
PSIs in patients with PTA and open surgery. After both
procedures, we did not find any cases with complications
of anesthesia (PSI 1). Frequency distribution of the
other studied PSIs are presented in Fig 3. We found
significant differences in frequency of the other PSIs
between surgical groups. Only two PSIs (PSI 9, postop-
Fig 1. Trends in frequency of patient safety indicators (PSIs) with
patient’s age. PTA, Percutaneous transluminal angioplasty.erative hemorrhage or hematoma, and PSI 15, accidental taceration) presented more often after PTA than after
pen surgery. All the other studied PSIs developed more
requently after open surgery. However, PSI 9 was the
ost frequent event among all studied PSIs, and PSI 15
accidental puncture and laceration) was ranked as num-
er 3. This resulted in an overall greater likelihood of PSI
fter PTA compared with open surgery. To evaluate risk
actors for developing hemorrhage after LE PTA, we
erformed a multivariable logistic regression analysis
ith PSI 9 (postoperative hemorrhage or hematoma) as
n outcome and patients’ sociodemographic characteris-
ics (age, gender, and race), comorbidities, and some
ospital characteristics (location, teaching status, and
ed size) as predictors of this outcome. As well, the
7.04% of the patients having postoperative hemorrhage
ccur as a safety event received a blood transfusion
ompared with only 8.72% of those patients not having
SI 9 (postoperative hemorrhage or hematoma) occur
P  .0001). Patients developing PSI 9 (postoperative
emorrhage or hematoma) as a safety event were 3.9
imes (95% CI, 3.69-4.08) as likely to receive a blood
ransfusion during their hospital admission. Results in
able II demonstrate that advanced age, female gender,
nd white race were important risk factors for developing
emorrhage after LE PTA. The likelihood of hemor-
hage after PTA was significantly greater in teaching
ospitals compared to nonteaching.
Rates of some postoperative complications in the entire
tudy population and separately for each procedure type are
resented in Table I. Patients with open surgery compared
ith those with endovascular procedures were more likely
o have cardiac complications and myocardial infarction
OR, 2.41; 95% CI, 2.26-2.56), respiratory complications
nd pneumonia (OR, 3.06; 95% CI, 2.88-3.25), and renal
omplications and acute renal failure (OR, 1.68; 95% CI,
.58-1.78).
Overall, mortality after open surgery was significantly
reater than after PTA (Table I). Developing PSI consid-
rably increased the risk of postoperative mortality after
oth procedures, but the difference in mortality between
rocedures remained significant. Multivariate logistic re-
ression analysis was performed with hospital mortality as
he outcome and was adjusted for age, gender, race, PSIs,
omorbidities, postoperative complications, indications for
rocedures, and hospital teaching status as independent
ariables in the model. PSI onset significantly increased the
isk of hospital mortality (OR, 4.5; 95% CI, 3.77-5.32).
ther important predictors of hospital mortality were car-
iac complications and myocardial infarction (OR, 7.1;
5% CI, 6.10-8.34), respiratory complications and pneu-
onia (OR, 6.3; 95% CI, 5.34-7.32), and renal complica-
ions and acute renal failure (OR, 1.9; 95% CI, 1.58-2.31).
isk of mortality increased with advanced age and severity
f indication for procedure.
We also evaluated risk factors of hospital mortality after
E PTA in the multivariable logistic regression analysis,
ncluding hemorrhage as one of the predictors in associa-
ion with patients’ sociodemographic characteristics, co-
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September 2011710 Vogel et almorbidities, and hospital characteristics. As shown in Table
III, likelihood of death after LE PTA was greater in older
patients, blacks, and in nonteaching hospitals. Patients with
hemorrhage were almost three times as likely to die as those
without this complication.
The occurrence of a PSI event significantly increased
hospital resource utilization in the whole study group, eg,
hospital LOS (from 3.8 days to 8.9 days; P  .0001) and
cost (from $13,814 to $26,427; P  .0001). As displayed
in Table IV, in both surgical groups, hospitalizations with
PSI events were significantly longer and more costly. PSI
Fig 2. Risk factors for developing patient safety indicato
or open surgery (odds ratio [OR] with 95% confidence i
Fig 3. Frequency of specific patient safety indicators (PSIs). PTA,
Percutaneous transluminal angioplasty.events that occurred in our study cohort resulted in 91,317 extra days of hospitalization and more than $222 million
xtra hospital expenses.
ISCUSSION
This analysis has demonstrated that patient safety
vents occurred at a greater rate after percutaneous inter-
entions compared with open surgery. This finding is coun-
erintuitive, as endovascular procedures are traditionally
eemed as less invasive and safer. Women, blacks, and the
ged were more likely to experience a safety event after
E interventions, particularly after LE PTA. As well,
eaching hospitals had PSIs occur at increased rates after
isk adjustment, yet had lower mortality rates, perhaps
econdary to improved “rescue” after complications occur.
ostoperative hemorrhage or hematoma complications af-
er LE PTA had a dramatic effect on mortality increasing
he likelihood of death by almost three times. Finally, these
SIs) after percutaneous transluminal angioplasty (PTA)
al [CI]). CHF, Congestive heart failure.
able II. Risk factors for developing hemorrhage after
E PTA
haracteristics OR with 95% CI
ge
70-79 1.5; 1.4-1.7
80 1.5; 1.3-1.6
emale gender 1.7; 1.6-1.8
hite race 1.4; 1.2-1.5
eaching hospital 1.2; 1.1-1.3
I, Confidence interval; LE, lower extremity; OR, odds ratio; PTA, percu-
aneous transluminal angioplasty.
eferences: Age 18 to 49, male gender, nonteaching hospital.rs (Pvents are extremely costly to the health system, and this
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Volume 54, Number 3 Vogel et al 711analysis has demonstrated that more that $222 million
extra hospital expenses were associated with these theoret-
ically preventable complications.
The IOM report “To Err is Human” has significantly
altered American medicine by placing patient safety and the
quality of the health care system to the forefront of consid-
eration.9 This publication has reconfigured how we think
about the quality of care and has attracted significant inter-
est among payers and employers in the improvement of care
and patient safety.10 Quality-improvement efforts based on
evidence of effectiveness and tangible associations to pa-
tient safety may assist in improvement of future health-
care.10 The true incidence of preventable complications
after elective surgery is unknown. For example, approxi-
mately 800,000 to 2 million surgeries are complicated by
surgical infections, and the rate of other preventable com-
plications after elective surgery remains unknown.11-13 For
this reason, advances in patient safety have become a major
focus for hospitals and were the focus of this analysis of
lower extremity interventions.14
PSIs were developed by the AHRQ from a literature
review and several panels of clinician experts to solicit their
judgment of clinical sensibility. They were evaluated by
Table III. Risk factors for hospital mortality after LE
PTA
Characteristics OR with 95% CI
Age
60-69 2.2; 1.4-3.5
70-79 2.7; 1.7-4.1
80 4.3; 2.8-6.7
Black race 1.7; 1.3-2.4
Hemorrhage (PSI-9) 2.8; 2.1-3.8
Comorbidities
CHF 3.5; 2.6-4.6
Renal failure 1.8; 1.3-2.6
Chronic lung disease 2.3; 1.8-2.8
Coagulopathy 4.8; 3.2-7.2
Nonteaching hospital 1.5; 1.2-1.9
CHF, Congestive heart failure; CI, confidence interval; LE, lower extremity;
OR, odds ratio; PSI, patient safety indicators; PTA, percutaneous translu-
minal angioplasty.
References: Age 18 to 49, white race, teaching hospital.
Table IV. Hospital LOS and cost (mean  SD) for
hospitalizations with and without PSI events
Procedure PSI
Hospital LOS,
days Hospital cost, $$
PTA No 2.2  3.86 13,505  9333
Yes 6.1  9.64 22,470  21,622
P  .0001 P  .0001
Open surgery No 5.0  4.88 13,278  10,290
Yes 11.0  10.93 28,387  29,741
P  .0001 P  .0001
LOS, Length of stay; PSI, patient safety indicators; PTA, percutaneous
transluminal angioplasty.ICD-9-CM coding experts to ensure that the definition of iach indicator reflected the intended clinical situation and
ay be utilized with administrative data.4 Validation stud-
es have shown the appropriateness15 and high positive
redictive values indicating that administrative data can
ccurately identify patients for various disease processes.16
dministrative data have been used to assess the outcomes
nd population-based impact after a range of proce-
ures.17-19 Administrative data have been shown to accu-
ately reflect real-world patterns and administrative claims-
ased models for profiling hospitals and produce estimates
f risk-standardized mortality that are good surrogates for
stimates from a medical record model.20 In addition, PSIs
ave been described as useful indicators for comparison
cross delivery systems.8 In addition, PSIs have evaluated
pecific populations demonstrating increased event occur-
ence. It has been shown that hospitalized patients with
hronic kidney disease are at increased risk for adverse safety
vents, measured by established PSIs.21 This analysis found
imilar results with sub-groups of patients after LE inter-
entions likely to develop PSI, which included patients with
ongestive heart failure (CHF), diabetes, renal failure, sub-
tance abuse, and coagulopathies.
Some authors have suggested that these indicators may
ot entirely reflect complications. For example, it has been
uggested that certain criteria do not accurately identify
atients with acute postoperative lower extremity deep vein
hrombosis or pulmonary embolism.22 In addition, acci-
ental puncture and laceration were found to be highly
redictive from a coding perspective, although the indica-
or is less predictive of an accidental puncture and lacera-
ion that could be considered clinically important. This
nalysis used this code across large surgical populations and
ound this occurred in the gastrointestinal tract, the blad-
er, the dura, and important blood vessel.23 Despite this, it
as been concluded that the PSIs are useful tools for
racking and monitoring patient safety events in the VA and
hat future studied investigate whether trends reflect better
r worse care or increased attention to documenting pa-
ient safety events.24
We have demonstrated that the elderly and women
ere more likely to develop safety events after LE interven-
ions. Further detailed subset analysis demonstrated that
atients developing bleeding-related complications after
E PTA were almost three times as likely to die. Other
uthors have previously described increased safety event
ccurrence in minorities and women as well.25 Further-
ore, these data demonstrate that endovascular procedures
ere not associated with fewer safety events. With analysis
f the events after open and endovascular intervention of
he LE, endovascular procedures are associated with high
ates of bleeding complications (4.7%). This rate of high
leeding complications has been described previously after
ther percutaneous interventions.26,27
The rate of complications after LE PTA was found from
his analysis to occur at a greater rate at teaching institu-
ions, although when hemorrhagic events did occur, the
verall mortality was found to be improved at teachingnstitutions. Avoiding complications is important, yet rec-
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September 2011712 Vogel et alognition of events and treatment of these events is also just
as important. This finding suggests that teaching hospitals
may be more likely to identify a complication and prevent
mortality. This has been previously described using the
theory of “failure to rescue.”28 Silber et al studied the
contribution of complication rates and failure-to-rescue
rates and suggested that failure to rescue after a complica-
tion occurs was associated with hospital factors.29
This analysis has also described that the occurrence of
patient safety events after LE interventions were associated
with increased LOS and cost. This has been previously
described for the hospital population at large. Authors have
demonstrated utilizing discharge records with PSI events
that they had twofold to threefold longer hospital stays,
twofold to 20-fold higher rates of in-hospital mortality, and
twofold to eightfold higher total charges than records
without PSI events.30 In concordance with previous studies
utilizing PSIs, LE interventions were found to be signifi-
cantly impacted when PSIs developed with respect to
healthcare resource utilization.
One of the main limitations of this study is the utiliza-
tion of hospital administrative discharge data. Primarily
variations seen in ICD-9 discharge coding practices are an
inherent weakness of the study as coding that may vary
from institution to institution and within the same institu-
tion. In addition, there is the possibility that safety events
may be recorded at a higher rate at teaching institutions.
Also, only inpatient hospital discharge records were utilized
in this analysis. Therefore, this study does not take into
account LE interventions performed in the outpatient set-
ting and does not offer the ability for longitudinal analysis
of the population. As well, the NIS does not include patients
in military hospitals or VA medical centers. There is also the
bias of confounding by indication, which occurs in adminis-
trate data analysis based on their decision to perform proce-
dures by the physician and the perceived risk to the patient.
Finally, cardiac complications are not contained within the
AHRQ PSIs, as they are not deemed preventable complica-
tions by convention and may therefore bias the results. To
address this limitation, cardiac complications have been in-
cluded in this article. Nonetheless, this study offers valuable
insight into the occurrence of safety events after LE proce-
dures across the nation.
This article is not intended to de-incentivize endovas-
cular procedures, but spur safety awareness of the patient
populations at greatest risk and the subsequent impact
these seemingly common events have on mortality in this
elective population. We have described that the over-
whelming complication after LE PTA is bleeding, occurred
more frequently in women and the aged, and that patients
suffering a bleeding event were 3.9 times as likely to receive
a blood transfusion. Therefore, future awareness of the
severity of this complication is germane. Of note, greater
than 68% of the study population had endovascular proce-
dures performed for claudication and that safety complica-
tions related to bleeding occurred in 7% of this population.
As well, the impact of a safety event significantly impacted
mortality for all procedures. Of note, the occurrence of a
1afety event increased the mortality from only 0.23% to
.28% for an elective endovascular procedure. Future atten-
ion and protocols for the access site are likely warranted
nd as vascular specialists, we should be attuned to safety
vents as significant risk factors for mortality.
In conclusion, endovascular procedures were found to
ave a lower mortality rate overall, but were found to have a
reater number of safety events occur primarily due to bleed-
ng complications in women and the elderly. Patient safety
vents were associated with increased cost, increased length of
tay, and ultimately mortality. Patients that developed bleed-
ng complications after LE PTA were almost three times as
ikely to die. Safety event occurrence was associated with
dvanced age, black race, and comorbidities such as CHF,
iabetes, and renal failure. Adverse safety events added signif-
cant cost, occurred more frequently in teaching and large
ospitals, and future organizational analysis may improve pa-
ient safety and reduce hospital cost.
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